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Abstract: This paper investigates optimal path planning and tracking in the obstacle avoidance process of nonlinear
unmanned vehicles with bounded disturbances, a model predictive control (MPC) method based on the predictive input
and output contraction constraints (PIOCC) of the system is proposed. Firstly, when constructing the objective function,
the idea of soft constraints is introduced to expand the range of feasible solutions, and the problem of following the optimal
planning path is transformed into the solution of the model predictive control optimization problem. Secondly, in order to
avoid the divergence of the closed-loop system caused by the short prediction time domain, which will lead to infeasible
solutions under the constraint conditions, the model prediction controller is designed by using the method of prediction
in time domain of system input and output contraction constraints. Then based on the Lyapunov stability theory, it is
proved that the closed-loop control system designed is asymptotically stable. Finally, through a simulation example, the
effectiveness of the proposed control strategy based on PIOCC in expanding the feasible solution range and avoiding the
divergence of the closed-loop system is verified, which achieves the good rapidity and stability of the unmanned vehicle
in path tracking.
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y*(k+ N|k)
M, FH S FD Fe B 221 A o U N

N
DMy (k +ilk) — 7k + k) |5+

i=1

Ji (Y, u, Au) =

|Au* (k4 — 1|k)||% + pe? = V*(k).
(47)
AR T 42 i 2R GER R (35) "I AT K + LI %I 3%
z(k+1) = G(k)z(k) + H(k)Au* (k) =
x*(k + 1]k). (48)
6 (42), £ k + LI 21, 8 SC— A TR0 i) i
NGl

Uk+1)=
w1k 1) ] w* (k + 1)k)
u(k + 2|k +1) u*(k + 2|k)
. é .
ulk+ N —1lk+1) u*(k+ N —1lk)
u(k + Nk +1) 0

(49
ST, A5 K - LI 2006 TS0 45 1 A0 it
AUk +1) =
[ Au(k+ 1k +1)
Au(k + 2k + 1)

Au*(k + 1]k)
Au*(k + 2|k)

(1>

Au(k+ N —1k+1)| |Au(k+N—1Jk)
Au(k+ Nk +1) 0

(50)
FRUCAZE o -+ 1 1 220 T R 2 B 5
e

z(k+1) =
[ 2+ 1k +1) o (k+1k) |
a(k + 2k +1) o (k + 2|k)
z(k+ Nlk+1) x*(k + NIk)
z(k+ 1+ Nk+1) | G(k)z*(k + NIk) |
(51
Y(k+1) =
gk 1k+1) ] y* (k + 1]k)
y(k+2|k+1) y*(k + 2|k)
y(k+ Nk +1) y*(k + N|k)
y(k+1+Nk+1)] | 2(k)G(k)a"(k + Nk)|
(52)
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r(k+1)=
[ r(k+ 1]k +1) r(k + 1)k)
r(k+ 2k + 1) r(k + 2|k)
: 2 : . (53)
r(k+ Nlk+1) r(k + NIk)
r(k+1+Nk+1)| |r(k+1+ N|k)]

20 (49) AT HL 7E k4 12152 SO il N 7
HIU(k+ 1) 2B U*(k) I N — 1M, lRAMMPC R
HAHPIOCC %A1 (33), 25 N Mo s HUM 0, Ik L PIOCC
At (34). AHRLHE, Kk + 1 20 ) 4 ) A O\ 8 8 )
AU+ REBr(k+ 1) HEEY (K +1) B H
U(k + 1) 454 T BEAL (35) LI PIOCC 4 1 (34) 14
t, HY (k+1) lRMPIOCC %44 (32). 375 &3 kI Z|
(1 B AL TR N DL B N B R T A R AR
(38), AT e+ 1B 1 ) Tyt N RH 4 N 388
J& T4 4R (38).

FHREHL, TFEE K + VI 20 R S E Ty N

Jk+1 (y? Uu, Au) =

N
Sollyk+1+ilk+1) —r(k+1+ilk+1)|5+

i=1

|Au(k +ilk + 1)||; + pe* =

N
>yt (k +ilk) = r(k + ilk) |5+

=1

|Aw*(k +i— 1]k)||%+

ly(k+1+ Nlk+1)—r(k+1+ Nk + 1)||§f

ly* (k + 1]k) — r(k + 1]k) 15—

[Au* (k|k)||% + pe? <

Ji(y, u, Au) — || Au*(k[k)| % (54)

S5 L ATEN, Ty (v, u, Au) B 5L, R B (50) 218

IR (39)TE k + 1IN ZIATAT M. Sk + 1 I ZIfitk
W] R A AT AN 2 /AN T AR, B A

T (Y, u, Au) < Jppa(y, u, Au) <

Ji(y, u, Au) — | Au*(k|k) || % (55)
BEAh, % RE || Au* (k|k)||% > 018 BL, M AFAE
VH(k+1) < V*(E). (56)

g5 L RTIR, 45 MPC ¥ 3R AL, 18] 8 A 31 B 2R 42 1A
PR e YR, /5 O Lyapunov 58 5 H A 26 209 1 36
ek, W) 38 3 Lyapunov £ 5 14 7€ # AT 40, 2 T4 N 5
W27 2 TR RS ARL F i 4 o PR R R gideoE . O

4 PiEIHT

AR 55 3 1942 L AR B0k, X A e o o 7 v R
K A2 R 1 AT 0 FUBSIE. fBOE BEHLZS B
F3 A5 S AT DA e 4 sk i I, R 42 O B, 8
FFR BB RS T, %5 AN F 225 H b R R A
225 H b av ke n . £8P LS9 7 o5 N 3T 0 K e
ik, AR S5 F.

A g1 S HO R s A

x(t) =40 4 25sin ¢y,

y(t) = 35 — 25 cos ¢, (57)
tan o

o(t) = vt.

l
Horbo AN S A ARERFEE K, 0 NS H AR

R A, o(t) AR R A 0 ELINF, SR 3 AAS [
(1122 B brid BEFEAT X LU IGHIE

1) %v =3m/shf, 0 = 6.8°,

2) Yy = 5m/sif, § = 11.5°,

3) Hov = 10m/sk},§ = 22.9°.

PL_E X B2 3 AW AG SN il A g = (0,0),
up = (1,0),u0 = (5,0). AI/EHHHIEE] = 2.6 m, 4]
UEET Z ty = O, KFEEFE T, = 0.05s, F By 50 K
MBI T K NN = P = 20, EWVIGEIRES N
(70, Y0, o] T = [40,8,7/10]7T.

H1 1 2 BRI 2 2% A2 H R W LA A SO
TR HIITEEARZE HAREE R, 08 T A
72 T 7 S e e 1o A R R R R R AR 35 B R Y PR
RE 77, HH &3 BRAE 225 B A% S i O A G T LU
tH AEANFZ 2 HARE N o N 25 B 550 i o 75
IR 6 A LA RR S PRI RE 7, HLERRE RE 1.

70
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= ~o0.-v=5/(m/s)
307 obstacle Ve 10/(m/s)
10r | ) : . .
0 20 40 60 80 100
X/m
5371 reference
—a- v=3/(m/s)
§ 52 F 0.~ v=>5/(m/s)
—— v=10/(m/s)
S51f
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X/m
3 IRMESERZBIBK
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1 3R PR 4 [ EL A T DA, 7 38 T DL S B N
328 B, EL PR 4 £ B3 R B R R % 3, 1 3 4 eV S—
1.8 1 B L L3047 65 BB PRI 4 76 1.7 s = Of
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FURG. 7T UL Y, A S 99 T PIOCC B2 Tl 7
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